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(54) METHOD OF FABRICATING SEMICONDUCTOR DEVICE 

(57) A manufacturing method forserniconductor de- 
vices that can improve uniformity in the surface of a sil- 
icon nltridelllm or a nitride film to beformed and Improve 
production efficiency is provided. A step of forming afirst ^ 
film that Is a silicon oxide film or a silicon oxynltride film 
on a silicon substrate, a step of forming a second film 
that is a tetrachlorosilane monomolecular layer, and a 
step of forming a third film that is a silicon nitride mon- 
omolecular layer by performing a nitrldlng process on 
thesecond film are Included. A silicon nitride film having °^ 
a predetermined film thickness Is formed by repeating 
the step of forming the second film and the step of form- 
ing the third film for a predetermined number of times. 
In a manufacturing apparatus, a plurality of silicon sub- 
strates are arranged on a stair-like wafer boat, and a 
process gas is supplied toward the upper side of a re- 
action tube from a process gas supply pipe. 
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Description 

TECHNICAL FIELD 

[0001 J The present Invention relates to manufactu ring 
methods for semiconductor devices., and more particu- 
larly, to a forming method of a silicon nitride film or a 
silicon oxynltridafllm and an annealing method therefor. 

BACKGROUND ART 

[0002] Silicon thermal oxide films are used as gate In- 
sulating films of MOSFETs for memory, capacitor insu- 
lating films of DRAMs, and the like. With the recent and 
continuing Increase in the integration degree of semi- 
conductor devices, it Is necessary to reduce the area 
occupied by a MOSFET and the like. For that purpose, 
It is required to reduce the film thickness of a silicon ther- 
mal oxidef ilm so as to maintain a constant capacitance. 
In addition, due to scaling arising from miniaturization of 
devices, nowadays It Is required to reduce the film thick- 
ness of the thermal oxide film to several dozen A. Fur- 
ther, the same applies to the case of forming a thermal 
oxynltrlde film Instead of a thermal oxide film. 
[0003] Such reduction of the thickness of a silicon 
thermal oxide film or a thermal oxynltrlde film causes a 
direct Increase of the tunnel current. Hence, there are 
problems In that circuits of semiconductor devices do 
not operate normally or power consumption Is Increased 
since a leakage current Is produced. 
[0004] Consequently, a silicon nitride film or an oxyni- 
trlde film, having a dense structure, Is considered as a 
good Insulating film as an alternative to a silicon thermal 
oxide film or a thermal oxynltrlde film. 
[0005] Such silicon nitride film or oxynltrlde film is 
formed by nltrldlng or oxynltrldlng a silicon thermal oxide 
film or a thermal oxynitride film. Then, by achieving a 
capacitance with a relatively great dielectric constant of 
the nitride film or the oxynltrlde film, It Is possible to In- 
crease the film thickness (physical film thickness) of a 
nitride film or an oxynitride film having the constant ca- 
pacitance as that of a silicon thermal oxide film that 
maintains a constant capacitance. Thereby, reduction 
of the leakage current is achieved. Hereinafter, in this 
description, the thickness of a silicon nitride film or an 
oxynitride film converted to the thickness of a silicon 
thermal oxide film that gives an equivalent capacitance 
Is referred to as an electric film thickness. 
[0006] Incidentally, in the silicon nitride film orthe ox- 
ynitride film formed as mentioned above, it is not nec- 
essarily easy to control the film thickness and the uni- 
formity within the surface of the film with accuracy. 
[0007] For this reason, a method Is considered In 
which, by using the ALD (Atomic Layer Deposlt)-CVD 
method, an operation of forming a monatomic layer or 
a monomolecular layer of a silicon nitride or an oxyni- 
tride is repeated to deposit a plurality of monatomic lay- 
ers or monomolecular layers, thereby forming a film of 
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a predetermined thickness. 

[0008] However, generally, the method using the 
ALD-CVD method, which Is considered currently, re- 
quires about several dozen minutes, for example, to 

5 form one monatomic layer or monomolecular layer. Ad- 
ditionally, In order to form the predetermined thickness, 
it is necessary to repeat the operation of forming a mon- 
atomic layer or a monomolecular layer several dozen 
times. Hence, there Is a problem in that production effl- 

io clency Is significantly lowered. 

[0009] A specific example of the ALD-CVD method 
will be described. 

[0010] First, a silicon substrate is subjected to thermal 
processing In a nitrous oxide gas, thereby forming a sll- 

is Icon oxide film having a film thickness of 1 2A (angstrom) 
on the silicon substrate. Then, a process Is performed 
at the temperature of approximately 400 °C by using 
TCS (tetrachlorosllane) as a process gas, and one mon- 
omolecular layer of TCS is formed through adsorption. 

so Thereafter, the monomolecular layer of tetrachlorosl- 
lane Is processed at the temperature of approximately 
550 °C by using ammonia gas as a process gas so as 
to form one monomolecular layer of a silicon nitride (ni- 
tride of silicon). Then, In order to obtain the film thlck- 

2S ness of, for example, 1 5-20A, the forming operation of 
the monomolecular layer of the silicon nitride Is repeated 
for, for example, twenty times. 
[0011] it Is reported that the uniformity within the sur- 
face of a film is significantly improved according to the 

30 above-mentioned ALD-CVD method. 

DISCLOSURE OF THE INVENTION 

[0012] It Is aflrst object of the present invention to pro- 
as vide a manufacturing method forsemlconductor devices 
which method can Improve the uniformity within the sur- 
face of a silicon nitride film or an oxynitride film to be 
formed and can Improve production efficiency at that 
time. 

40 [0013] A second object of the present Invention is to 
provide a manufacturing method for a semiconductor 
device that Includes an annealing method, and can fur- 
ther reduce a leakage current and mitigate shift of a flat 
band voltage when a silicon nitride film or a silicon ox- 

-» ynitride film to be formed Is used as an Insulating film in 
a MOS capacitor and the like. 

[0014] In order to achieve the objects, a manufactur- 
ing method for semiconductor devices according to the 
present invention includes the steps of: forming a first 

so film that is one of a silicon oxide film and a silicon oxyni- 
tride film on a silicon substrate by one of thermal oxida- 
tion and thermal oxynltrldatlon; forming a second film 
that Is a tetrachlorosllane monomolecular layer on the 
first film by performing a process by using a tetrachlo- 

55 rosilana gas at a predetermined temperature; and form- 
ing a third film that is a silicon nitride monomolecular 
layer by performing a nltrldlng process on the second 
film by using an ammonia gas at atemperature substan- 
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tlally the same as the temperature In the step of forming 
the second film, wherein a silicon nitride film having a 
predetermined film thickness Is formed by repeating the 
step of forming the second film and the step of forming 
the third film for a predetermined number of times. 
[0015] Here, substantially the same temperature re- 
fers to a temperature within the range of ±25°C. 
[0016] In this case, In the step of forming the second 
film and the step of forming the third film, It is preferable 
for the predetermined temperature to be within the 
range of 375-650°C, and the processing pressure to be 
1 0-1 00 kPa. Additionally, In the step of forming the sec- 
ond film, it is preferable for the process to be performed 
by using the tetrachlorosllane gas at the flow rate of 
1 00-300 seem for 1-20 minutes. In addition, In the step 
of forming the third film, It Is preferable for the process 
to be performed by using ammonia gas at the flow rate 
of 1000-30 00 seem for 1-10 minutes. Further, It Is pref- 
erable for the step of forming the second film and the 
step of forming the third film to be repeated for 3-20 
times. 

[0017] With the above-mentioned features of the 
present Invention, compared to a film formed by a con- 
ventional CVD method, It is possible to significantly Im- 
prove uniformity in the surface of a film. Also, compared 
to a conventional ALD-CVD method, It Is possible to fur- 
ther Improve It. Further, since the step of forming the 
second film and the step of forming the third film are 
performed atsubstantlallythesame temperature, atlme 
interval for varying a temperature condition, which is 
necessary in the conventional ALD-CVD method, is no 
longer required. Thus, It Is possible to significantly Im- 
prove production efficiency. 

[0018] In addition, In this case, after forming the sili- 
con nitride film having the predetermined film thickness, 
If there Is a further step of annealing In an ozone atmos- 
phere, shift of the flat band voltage is mitigated since a 
positive fixed electric charge of the silicon oxide film or 
the silicon oxynltrlde film Is reduced by the radical oxy- 
gen of ozone. Also, a leakage current Is reduced by 
modification effects of a silicon nitride film caused by the 
radical oxygen. 

[0019] Additionally, a manufacturing method for sem- 
iconductor devices according to the present invention 
Includes the steps of: forming a first film that Is one of a 
silicon oxide film and a silicon oxynltrlde film by one of 
thermal oxidation and thermal oxynltrldatlon on a silicon 
substrate; forming a second film that Is a tetrachlorosl- 
lane monomolecular layer on the first film by performing 
a process using tetrachlorosilane gas at a predeter- 
mined temperature; forming a third film that Is a silicon 
nitride monomolecular layer by performing a nltrldlng 
process on the second film by using ammonia gas at a 
temperature substantially the same as the temperature 
in the step of forming the second film; and forming a 
fourth film that is a silicon nitride film on the third film by 
a CVD method. 

[0020] Hence, without repeating the step of forming 



the second film and the step of forming the third film for 
the predetermined number of times, the fourth film is 
formed by using the CVD method after forming a single 
third layer. Therefore, It Is possible to significantly im- 

* prove production efficiency while maintaining uniformity 
in the surface of a film to be formed. 
[0021] Further, a manufacturing method for semicon- 
ductor devices according to the present Invention In- 
cludes the steps of: forming a first film that Is one of a 

10 silicon oxide film and a silicon oxynltrlde film by one of 
thermal oxidation or thermal oxynitridatlon on a silicon 
substrate; forming a second film that is a tetrachlorosi- 
lane monomolecular layer on thefirstfilm by performing 
a process by using tetrachlorosllane gas at a predeter- 

is mined temperature; forming a third film that is a silicon 
nitride monomolecular layer by performing a nitridlng 
process on the second film by using ammonia gas at a 
temperature substantially the same as the temperature 
in the step of forming the second film; and annealing in 

» an ozone gas atmosphere, wherein a silicon nitride film 
having a predetermined film thickness Is formed by re- 
peating the step of forming the second film, the step of 
forming the third film, and the step of annealing for a 
predetermined number of times. 

25 [0022] Hence, it is possible to achieve annealing ef- 
fects similar to those mentioned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

SO [0023] 

FIG. 1 Is a diagram of a manufacturing apparatus 
for semiconductor devices according to the present 
embodiments. 

as FIG. 2 Is a graph for explaining characteristics eval- 
uation results obtained when a silicon nitride film 
formed by a manufacturing apparatus and a manu- 
facturing method for semiconductor devices ac- 
cording to the present embodiments Is used as an 

to insulating film of an nMOS capacitor, and repre- 
sents evaluation results of a leakage current. 
FIG. 3 Is a graph for explaining characteristics eval- 
uation results obtained when the silicon nitride film 
formed by the manufacturing apparatus and the 

■*5 manufacturing method for semiconductor devices 
according to the present embodiments is used as 
the Insulating film of an nMOS capacitor, and rep- 
resents evaluation results of a flat band voltage. 

so BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] Referring to the drawings, a description will be 
given below of preferred embodiments (hereinafter re- 
ferred to as present embodiments) of the manufacturing 
55 methods for semiconductor devices according to the 
present invention. 

[0025] First, referring to FIG. 1 , a manufacturing ap- 
paratus for semiconductor devices according to the 
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present embodiments will be described. 
[0026] A manufacturing apparatus 1 0 shown In FIG. 
1 is a kind of FTPS (Fast Thermal Processing System). 
[0027] The manufacturing apparatus 1 0 is provided 
with a reaction tube 1 2 made of quartz, for example, and 
formed into a cylindrical shape with a celling, the longi- 
tudinal direction of the cylindrical shape being directed 
to a vertical direction, A manifold 14 that Is a stainless- 
steel tube formed Into a tube-like shape Is arranged un- 
derneath the reactlontube 12 such that the manifold 14 
and the bottom of the reaction tube 12 make contact In 
an airtight manner. A cover 1 6 Is arranged underneath 
the man If old 1 4 such that the cover 1 6 can move up and 
down. The bottom of the manifold 1 4 is closed when the 
cover 16 moves up. 

[0028] A process chamber is constituted by the reac- 
tion tube 12, the manifold 14, and the cover 16. 
[0029] A ladder-like wafer boat 1 8 formed by quartz 
is arranged on the cover 1 6. The wafer boat 1 8 accom- 
modates a plurality of silicon substrates 20 at predeter- 
mined Intervals In the vertical direction. 
[0030] A warming heater 22 formed by a resistance 
heating element, for example, is provided around the re- 
action tube 12. 

[0031] A process gas supply pipe 24 is provided 
through a side surface of the manifold 14. The process 
gas supply pipe 24 Is bent such that a top portion 24a 
thereof turns up. Hence, process gas supplied from the 
process gas supply pipe 24 Is emitted upward. In addi- 
tion, reference numeral 26 denotes an exhaust pipe. 
[0032] Since the above-mentioned manufacturing ap- 
paratus 10 Is configured such that the process gas 
reaches the upper side of the reaction tube, the p rocess 
gas Is supplied at high speed and at a large flow rate. 
Additionally, being configured such that the process gas 
reaches the celling of the reaction tube, andthe reaction 
tube is provided with a predetermined air gap, for exam- 
ple, the process gas is supplied evenly In a process re- 
gion and the silicon substrates are processed equally. 
[0033] A description will be given of the man uf actu ring 
method for semiconductor devices using the above- 
mentioned manufacturing apparatus 10 according to a 
first embodiment of the present embodiments. 
[0034] The manufacturing method of semiconductor 
devices according to the first embodiment of the present 
embodiments Includes a step of forming a first film that 
Is a silicon oxide film or a silicon oxynltride film on a sil- 
icon substrate by thermal oxidation or thermal oxynltrl- 
dation, a step of forming a second film that is a tetra- 
chlorosilane monomolecular layer on the first film by 
processing the first film by using tetrachlorosllane gas 
at a predetermined temperature, and a step of forming 
a third film that is a silicon nitride monomolecular layer 
by nltrldlng the second film by using ammonia gas at a 
temperature substantially the same as that in the step 
of forming the second film. A silicon nitride film having 
a predetermined film thickness is formed by repeating 
the step of forming the second film and the processing 
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of forming the third film for a predetermined number of 
times. 

[0035] A further detailed description will be given of 
the manufacturing method according to the first embod- 
s iment of the present embodiments. 

[0036] First, a thermal oxynltride film (the first film) 
having a film thickness of 12A is formed on a silicon sub- 
strate by processing the substrate in a dlnltrogen mon- 
oxide gas atmosphere at 700 °C for 1 5 minutes. 
io [0037] Next, In the step of forming the second film, 
tetrachlorosllane gas is supplied at the flow rate of ap- 
proximately 200 seem, and the substrate Is processed 
for about 15 minutes under the processing pressure of 
21 kPa, for example, and at the predetermined temper- 
as ature of 550 °C, for example. Thereby, the tetrachlorosl- 
lane monomolecular layer (the second layer) is formed 
on the thermal oxynltride film. 
[0038] Then, the process chamber Is evacuated, or 
the tetrachlorosllane gas remaining in the process 
so chamber is purged by using a nitrogen gas. The time 
required for purging and fine adjustment of temperature 
variation and the like In the purging Is approximately four 
minutes, for example. 

[0039] Thereafter, in the step of forming the third film , 
& ammonia gas is supplied at theflow rate of approximate- 
ly 2000 seem, and the tetrachlorosllane monomolecular 
layer Is processed under the processing pressure of 21 
kPa, for example, and atthepredetermined temperature 
of 550 °C, for example, which Is the same temperature 
30 as that In the step of forming the 3econd film , for approx- 
imately 5 minutes. Thereby, thB silicon nitride monomo- 
lecular layer (the third film) Is formed. 
[0040] By repeating the step of forming the second 
film and the step of forming the third film for 1 0 times, 
as for example, respective monomolecular layers are ac- 
cumulated, and thus a silicon nitride film (nltrogenlzed 
silicon film) having a film thickness of 1 0A is formed. 
[0041] The time required for the silicon nitride film for- 
mation operation according to the manufacturing meth- 
40 od of the first embodiment of the present embodiments 
is 240 minutes {= (15 + 4 + 5) x 10}. 
[0042] The total film thickness of the thermal oxynl- 
tride film and the silicon nitride film formed on the silicon 
substrates arranged in the upper side of the manufac- 
•» turlng apparatus 10 Is 2.11 nm at the maximum, 2.05 
nm at the minimum, and 2.08 nm on the average. On 
the other hand, the total film thickness of the thermal 
oxynltride film and the silicon nitride film formed on the 
silicon substrates arranged in the lower side of the man- 
so utacturing apparatus 10 is 2.30 nm at the maximum, 
2.21 nm at the minimum, and 2.26 nm on the average. 
Accordingly, uniformity within the films formed by the 
thermal oxynltride film and the silicon nitride film Is very 
high In each of the substrates, the substrates being ar- 
55 ranged In the upper side of the manufacturing apparatus 
and in the lower side thereof. 

[0043] Next, a description will be given below of the 
manufacturing method for semiconductor devices ac- 
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cording to a second embodiment of the present embod- 
iments. 

[0044] The manufacturing method for semiconductor 
devices according to the second embodiment of the 
present embodiments further anneals the silicon nitride 
film obtained by the manufacturing method for semicon- 
ductor devices according to the first embodiment of the 
present embodiments. 

[0045] That Is, the step of further annealing, In an 
ozone gas atmosphere, the silicon nitride film that Is 
formed to have a predetermined film thickness by re- 
peating the step of forming the second film and the step 
of forming the third film for a predetermined number of 
times is Included. 

[0046] Ozone gas having the volume ratio of approx- 
imately cyo 2 = 1 0/90 (volume % ratio) Is used, and the 
process Is performed under the pressure of approxi- 
mately 18 Pa and at the temperature of approximately 
850 °C for approximately 60 seconds. 
[0047] FIGS. 2 and 3 show characteristic evaluation 
results of the case where the silicon nitride film formed 
according to the above-mentioned method Is used as 
an Insulating film of an nMOS capacitor. 
[0048] FIG. 2 shows evaluation results of a leakage 
current of a gate. The vertical axis (Ig) represents the 
leakage current at the time when the flat band voltage 
Is accumulated for -0.6V, and the horizontal axis (Teq) 
represents the electric film thickness. 
[0049] In the figure, POA-C Indicates the case where 
the annealing process is performed after performing the 
silicon nitride film formation process. In addition, in the 
figure, Ref. Pure SIQ2 Indicates the case of the silicon 
oxide film. None-POA Indicates the case where only the 
silicon nitride film formation process Is performed and 
no annealing process Is performed. POA-A indicates the 
case where the annealing process Is performed at the 
temperature of 1000 "C in an oxygen gas atmosphere 
after performing the silicon nitride film formation proc- 
ess. POA-B Indicates the case where the annealing Is 
performed at the temperature of 850 °C In a dlnitrogen 
monoxide gas atmosphere after performing the silicon 
nitride film formation process. 

[0050] As is clear from FIG. 2, compared to conven- 
tional silicon nitride films, the silicon nitride film of the 
first embodiment of the present embodiments subjected 
to the conventional annealing process using oxygen gas 
or dlnitrogen monoxide gas shows leakage current re- 
duction effects by the silicon nitride film formation proc- 
ess. However, compared to the case where the anneal- 
ing process is not performed on the silicon nitride film of 
the first embodiment of the present embodiments, no 
significant effect is observed. On the other hand, In the 
silicon nitride film of the second embodiment of the 
present embodiments in which the annealing process Is 
performed thereon, in addition to the leakage current re- 
duction effects obtained by the silicon nitride film forma- 
tion process, the leakage current reduction effects are 
further obtained by the annealing process. 



[0051] FIG. 3 shows evaluation results of the flat band 
voltage. Here, the vertical axis (Vfb) represents the flat 
band voltage, and the horizontal axis (Teq) represents 
the electric film thickness. In the figure, each of the sym- 

s bols such as POA-A denotes the same as that In FIG. 2. 
[0052] As Is clearfrom FIG. 3, in the case where there 
is no annealing process but the silicon nitride film for- 
mation process is performed, compared to the case of 
the silicon oxide film, the phenomenon is observed in 

10 whlchtheabeolutevalue of theflatband voltage Isgreat- 
ly Increased. On the other hand, In the cases where a 
conventional annealing process using oxygen gas or 
dinitrogen monoxide gas is performed and where the 
annealing process according to the second embodiment 

« of the present embodiments Is performed, increase In 
the absolute value of the flat band voltage Is well sup- 



[0053] As mentioned above, with the manufacturing 
method for semiconductor devices and the apparatus 
so according to the second embodiment of the present em- 
bodiments, It is possible to further reduce the leakage 
current and to relax the shift of the flat band voltage. 
[0054] In addition, the manufacturing methodforsem- 
Iconductor devices according to the first embodiment of 
2s the present embodiments includes, as mentioned 
above, the step of forming the second film that Is a tet- 
rachlorosilane monomolecular layer on the first film by 
performing the process by using tetrachlorosilane gas 
at the predetermined temperature, and the step of form- 
so Ing the third film that is the silicon nitride film monomo- 
lecular layer by performing a nitriding process on the 
second film by using ammonia gas at a temperature 
substantially the same as that In the step of forming the 
second film. The silicon nitride film having the predeter- 
35 mined film thickness is formed by repeating the step of 
forming the second film and the step of forming the third 
film for the predetermined number of times. More pref- 
erably, the formed silicon nitride film Is subjected to the 
annealing process. However, alternatively, the following 
*o method may be used In the manufacturing method of 
the present Invention. 

[0055] That Is, after forming the second film that is the 
tetrachlorosilane monomolecular layer on the first film 
by performing the process by using tetrachlorosilane 

■*9 gas at the predetermined temperature, the third film that 
is the silicon nitride film is formed by performing the ni- 
triding process on the second film by using ammonia 
gas at a temperature substantially the same as that In 
the step of forming the second film. Further, a fourth film 

so that is a silicon nitride film is formed on the third film by 
the CVD method. 

[0056] Additionally, when annealing Is performed, af- 
ter forming the second film that Is the tetrachlorosilane 
monomolecular layer on the first film by performing the 
55 process by using tetrachlorosilane gas at the predeter- 
mined temperature, thethird film that isthe silicon nitride 
monomolecular layer is formed by performing the nitrid- 
ing process on the second film by using ammonia gas 
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at a temperature substantially the same as that In the 
step of forming the second film, and further, annealing 
is performed In an ozone gas atmosphere. Then, a sill- 
con nitride film having the predetermined film thickness 
Is formed by repeating the step of forming the second 
film, the step of forming the third film, and the step of 
performing annealing for a predetermined number of 
times. 

[0057] In addition, the vertical type FTPS, which Is ca- 
pable of processing a large number of silicon substrates 
as mentioned above, Is used as the manufacturing ap- 
paratus used In the manufacturing method for semicon- 
ductor devices according to the present embodiments. 
However, this Is not a limitation, and a single-substrate 
system may also be used. 



1 . A manufacturing method for semiconductor devic- 
es, comprising the steps of: 

forming a first film that Is one of a silicon oxide 
film and aslllcon oxynltrlde film on aslllcon sub- 
strate by one of thermal oxidation and thermal 
oxynltrldatlon; 

forming a second film that is a tetrachlorosllane 
monomolecular layer on the first film by per- 
forming a process by using a tetrachlorosllane 
gas at a predetermined temperature; and 
forming a third film that is a silicon nitride mon- 
omolecular layer by performing a nitriding proc- 
ess on the second film by using an ammonia 
gas at a temperature substantially the same as 
the temperature In the step of forming the sec- 



whereln a silicon nitride film having a prede- 
termined film thickness Is formed by repeating the 
step of forming the second film and the step of form- 
ing the third film for a predetermined number of 



The manufacturing method for semiconductor de- 
vices as claimed In claim 1 , wherein, in the step of 
forming the second film and the step of forming the 
third film, the predetermined temperature Is within 
a range of 375-650 °C, and a processing pressure 
Is 1 0-1 00 kPa. 

The manufacturing method for semiconductor de- 
vices as claimed In claim 1 , wherein, In the step of 
forming the second film, the process Is performed 
by using the tetrachlorosllane gas at a flow rate of 
1 00-300 seem for 1 -20 minutes. 

The manufacturing method for semiconductor de- 
vices as claimed In claim 1 , wherein, in the step of 



forming the third film, the process is performed by 
using the ammonia gas at a flow rate of 1000-3000 
seem for 1-10 minutes. 

The manufacturing method for semiconductor de- 
vices as claimed In claim 1 , wherein the step of 
forming the second film and the step of forming the 
third film are repeated for 3-20 times. 

The manufacturing method for semiconductor de- 
vices as claimed In claim 1 , 

wherein, In the step of forming the second film 
and the step of forming the third film, the predeter- 
mined temperature Is within a range of 375-650 °C 
and a processing pressure Is 10-100 kPa, 

wherein, In the step of forming the second 
film, the process Is performed by using the tetra- 
chlorosllane gas at a flow rate of 1 00-300 seem for 
1-20 minutes, 

wherein, In the step of forming the third film, 
the process Is performed by using the ammonia gas 
at a flow rate of 1 000-3000 seem for 1 -1 0 minutes, 
and 

wherein the step of forming the second film 
and the step of forming the third film are repeated 
for 3-20 times. 

The manufacturing method for semiconductor de- 
vices as claimed In claim 1 , further comprising the 



annealing In an ozone gas atmosphere after 
forming the silicon nitride film having the pre- 
determined film tr 



8. A manufacturing method for semiconductor devic- 
es, comprising the steps of: 

forming a first film that Is one of a silicon oxide 
film and a silicon oxynltrlde film by one of ther- 
mal oxidation and thermal oxynltrldatlon on a 



forming a second film that is a tetrachlorosllane 
monomolecular layer on the first film by per- 
forming a process by using a tetrachlorosllane 
gas at a predetermined temperature; 
forming a third film that Is a silicon nitride mon- 
omolecular layer by performing a nitriding proc- 
ess on the second film by using an ammonia 
gas at a temperature substantially the same as 
the temperature in the step of forming the sec- 
ond film; and 

forming a fourth film that Is a silicon nitride film 
on the third film by a CVD method. 

A manufacturing method for semiconductor devic- 
es, comprising the steps of: 
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forming a first film that Is one of a silicon oxide 
film and a silicon oxynitrldefilm by one of ther- 
mal oxidation or thermal oxynitrldation on a sil- 
icon substrate; 

forming a second film that Is a tetrachlorosllane s 
monomolecular layer on the first film by per- 
forming a process by using a tetrachlorosilane 
gas at a predetermined temperature; 
forming a third film that Is a silicon nitride mon- 
omolecular layerby performing a nltrldlng proc- io 
ess on the second film by using an ammonia 
gas at a temperature substantially the same as 
the temperature in the step of forming the sec- 
ond film; and 

annealing In an ozone gas atmosphere, a 

wherein a silicon nitride film having a prede- 
termined film thickness Is formed by repeating the 
step of forming the second film, the step of forming 
the third film, and the step of annealing for a prede- so 
termlned number of times. 



30 



40 



45 



SO 



55 



7 



EP 1 394 844 A1 




8 



EP 1 394 844 A1 



FIG.2 
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FIG.3 
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